(19) 



J 



Eur pSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 735 491 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Int. CI. 6 : G06F 13/28 




02.10.1996 Bulletin 1996/40 




(21) 


AoDlication number' 96105225.5 




(22) 


Date of filing: 01.04.1996 




(84) 


Designated Contracting States: 


(72) Inventor: Kono, Shinichi, 




DE FR 


c/o NEC Corporation 






Tokyo (JP) 


(30) 


Priority: 31.03.1995 JP 75598/95 






(74) Representative: VOSSIUS & PARTNER 


(71) 


Applicant: NEC CORPORATION 


Slebertstrasse 4 




Tokyo (JP) 


81675 Munchen (DE) 



(54) DMA controller 

(57) Address generators output addresses of trans- 
fer data of transfer origin and destination DRAM'S. 
Updating of the transfer addresses from the address 
generators during execution of DMA is performed based 
on a CAS signal from a timing signal generator. A delay 
element delays the CAS signal by a time which is the 
sum of an access time of the transfer origin DRAM and 
a data set-up time of the transfer destination DRAM. A 
transfer data counter counts the number of leading 

FIG. 



edges of the CAS signal while a RAS signal from the 
timing signal generator is held active. When a counted 
value reaches a preset value, the transfer data counter 
outputs continuous data transfer suspension informa- 
tion to the timing signal generator. With this arrange- 
ment, the halt in operation of a CPU due to continuous 
occupation of a bus is effectively prevented while 
achieving the increased data transfer rate. 
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operation of a CPU 30 is stopped while the bus 50 is 
occupied. 

The present invention has been made in view of the 
foregoing and has an object to provide a DMA controller 
which simultaneously achieves the continuous access s 
and the simultaneous execution of reading and writing 
so as to further increase the data transfer rate while pre- 
venting an operation of a CPU from stopping due to 
continuous occupation of a bus. 

In order to accomplish the foregoing object, a DMA 
controller according to the present invention comprises 
a first memory control section for producing, by a first 
address generator, a first address signal for a first mem- 
ory which is a transfer origin and continuously accessi- 
ble, and for outputting the first address signal to the first 
memory; a second memory control section for produc- 
ing, by a second address generator, a second address 
signal for a second memory which is a transfer destina- 
tion and continuously accessible, and for outputting the 
second address signal to the second memory; 
a timing signal generator for producing first and second 
address strobe signals based on output control signals 
from the first and second memory control sections, the 
timing signal generator outputting the first address 
strobe signal to the first and second memories, respec- 
tively, and the second address strobe signal to the first 
memory; delay means for delaying the second address 
strobe signal by a time which is a sum of an access time 
of the first memory and a data set-up time of the second 
memory, and for outputting the delayed second address 
strobe signal to the second memory; first and second 
control means, provided in the first and second memory 
control sections, respectively, for outputting control sig- 
nals separately to the timing signal generator so as to 
control generation of the first and second address 
strobe signals for achieving continuous access of the 
first and second memories independently of each other; 
and a transfer data counter for counting the number of 
transfer data from the second address strobe signal of 
the timing signal generator and for outputting transfer 
suspension information to the timing signal generator 
when a counted value reaches a preset value. 

It may be arranged that the DMA controller further 
comprises transfer direction control means for subject- 
ing the first memory to a reading control and the second 
memory to a writing control, and switching means, 
based on an output signal from the transfer direction 
control means, for feeding the second address strobe 
signal from the timing signal generator to the first mem- 
ory and for feeding the delayed second address strobe 
signal from the delay means to the second memory. 
With this arrangement, a direction of the data transfer 
between the two memories can be switched depending 
on an instruction from a senior device. 

It may be arranged that at least one of the first and 
second memories is a dynamic random access memory 
which is operable in a page mode or a static column 
mode, and that each of the first and second control 
means includes latch means for holding a row address 



in address signals outputted from corresponding one of 
the first and second address generators upon transition 
of the first address strobe signal to an active state at the 
time of starting the data transfer, and a comparator for 
comparing an output of the latch means and a row 
address in the address signals outputted from the corre- 
sponding one of the first and second address genera- 
tors and for outputting a result of the comparison as the 
control signal to the timing signal generator, wherein, 
while the comparison result shows agreement, the tim- 
ing signal generator controls the second address strobe 
signal to change alternately between active and inactive 
states while holding the first address strobe signal to be 
active. This arrangement is preferable in view of achiev- 
ing the continuous access. 

According to one aspect of the present invention, by 
repeating the writing of data, which are outputted by the 
first memory in synchronism with the second address 
strobe signal from the timing signal generator, into the 
second memory in synchronism with the delayed sec- 
ond address strobe signal, the first and second memo- 
ries can be continuously accessed, and simultaneously, 
the data reading from the first memory and the data 
writing into the second memory can be achieved in one 
cycle. 

According to another aspect of the present inven- 
tion, the number of transfer data is counted by the trans- 
fer data counter, and when this counted value reaches 
the preset value, the first address strobe signal is forci- 
bly set inactive based on the transfer suspension infor- 
mation. Thus, the number of continuous transfer data in 
the DMA transfer is limited to the foregoing preset value. 

The present invention will be understood more fully 
from the detailed description given hereinbelow, taken 
in conjunction with the accompanying drawings. 

In the drawings: 

Fig. 1 is a block diagram showing a structure of a 

conventional DMA controller; 

Fig. 2 is a block diagram showing a structure of 

another conventional DMA controller; 

Fig. 3 is a block diagram showing a structure of a 

DMA controller previously proposed by the present 

inventors; 

Fig. 4 is a block diagram showing a structure of a 
DMA controller according to a preferred embodi- 
ment of the present invention; 
Fig. 5 is a timing chart for explaining an operation of 
the preferred embodiment of the present invention 
shown in Fig. 4; 

Fig. 6 is a timing chart for explaining an operation of 
a page mode read cycle; 

Fig. 7 is a timing chart for explaining an operation of 
a page mode write cycle; 

Fig. 8 is a timing chart for explaining an operation of 
a static column mode read cycle; and 
Fig. 9 is a timing chart for explaining an operation of 
a static column mode write cycle. 
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active and inactive states alternately, column addresses 
in the same row are inputted in sequence so that input 
data DQ1 to DQ4 are written in sequence. At this time, 
the output enable signal OE may be set in either of 
active and inactive states. 

Now, the operation of this preferred embodiment 
will be described also referring to Fig. 5. First, before 
starting the data transfer, the CPU 30 sets the direction 
of the data transfer between the D RAM's 31 and 32 in 
the transfer direction controller 23, and further sets a 
transfer start address and a transfer termination 
address or the number of transfer data in the address 
generators 21 1 and 221 . When the data transfer is per- 
formed in a direction from the DRAM 31 to the DRAM 
32, the CPU 30 controls the output control signal of the 
transfer direction controller 23 to be at a high level. 

The control signal outputted from the transfer direc- 
tion controller 23 is fed to a write control terminal of the 
DRAM 31 . Since the DRAM 31 is set to be subjected to 
a read control when the control signal from the transfer 
direction controller 23 is at a high level, the DRAM 31 
works as the transfer origin DRAM. On the other hand, 
since the control signal from the transfer direction con- 
troller 23 is inverted via the inverter 27 and then inputted 
to a write control terminal of the DRAM 32, the DRAM 
32 is subjected to a write control as opposed to the 
DRAM 31 so that the DRAM 32 works as the transfer 
destination DRAM. As appreciated, the foregoing trans- 
fer direction is reversed when the control signal from the 
transfer direction controller 23 is at a low level. 

Then, the CPU 30 instructs the timing signal gener- 
ator 24 to start the data transfer. In response to the data 
transfer start instruction from the CPU 30, the timing 
signal generator 24 switches the MUX's 212 and 222 to 
output the row addresses. Subsequently, as shown at 
(A) in Fig. 5, the timing signal generator 24 causes the 
RAS signal to fall at a time t1 so that the latch circuits 
213 and 223 latch the foregoing row addresses, respec- 
tively. Thereafter, the timing signal generator 24 
switches the MUX's 212 and 222 to output the column 
addresses. 

Then, the timing signal generator 24 causes the 
CAS signal to fall at a time t2. Since the CAS signal is 
inputted as it is via the switching circuit 26 to the transfer 
origin DRAM in the DRAM's 31 and 32, the data is out- 
putted from the transfer origin DRAM due to the falling 
of the CAS signal. This CAS signal is shown at (B) in 
Fig. 5. As shown at (E) in Fig. 5, the effective data is out- 
putted from a time t3, that is, after a lapse of an access 
time from the falling of the CAS signal at the time t2. 

On the other hand, since the CAS signal delayed by 
the given time via the delay circuit 25 is inputted via the 
switching circuit 26 to the transfer destination DRAM in 
the DRAM's 31 and 32, the data outputted from the 
transfer origin DRAM is written in the transfer destina- 
tion DRAM due to the falling of this delayed CAS signal. 
This delayed CAS signal is shown at (C) in Fig. 5. Due 
to the delay achieved by the delay circuit 25, the transfer 
destination DRAM writes in the effective data immedi- 
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ately after the time t3. The data inputted to the transfer 
destination DRAM is shown at (F) in Fig. 5. 

After the delayed CAS signal to the transfer desti- 
nation DRAM shown at (C) in Fig. 5 is caused to fall and 

5 then a sufficient time for writing the data in the transfer 
destination DRAM elapses, the timing signal generator 
24 raises the CAS signal as shown at (B) in Fig. 5. At 
this time, if the transfer termination address or the 
number of transfer data set in the address generators 

w 211 and 221 by the CPU 30 is reached, the timing signal 
generator 24 raises the RAS signal so as to terminate 
the continuous access between the DRAM's 31 and 32. 

Further, when a counter value of the transfer data 
counter 28, which counts the number of leading edges 

15 of the CAS signal (the number of transfer data), reaches 
the preset value, the timing signal generator 24 also 
raises the RAS signal based on the transfer suspension 
data outputted from the transfer data counter 28 to the 
timing signal generator 24, so as to terminate the con- 

20 tinuous access between the DRAM's 31 and 32. 

On the other hand, if the transfer termination 
address or the number of transfer data set in the 
address generators 21 1 and 221 by the CPU 30 is not 
reached and if the counter value of the transfer data 

25 counter 28 does not reach the preset value, the address 
generators 211 and 221 update the addresses fed to 
the address terminals of the DRAM's 31 and 32 at the 
time of rising of the CAS signal. 

After this address updating, if the comparators 214 

30 and 224 output detection signals indicative of coinci- 
dence of the row addresses, respectively, the timing sig- 
nal generator 24 causes the CAS signal to fall so that 
the subsequent data transfer is achieved in the same 
manner as described above. Fig. 5 at (D) shows the 

35 addresses inputted to each of the DRAM's 31 and 32 
via the MUX'S 212 and 222. 

As described above, the operation to perform the 
page mode access by repeatedly changing the CAS 
signal between the low level and the high level while the 

40 RAS signal is held at the low level, is repeated until the 
output of the comparator 214 or 224 indicates disagree- 
ment of the row addresses or the transfer termination 
address or the number of transfer data set in the 
address generator 211 or 221 is reached after the 

45 address updating of the address generators 21 1 and 
221. 

If the output of either the comparator 214 or the 
comparator 224 shows the disagreement or the counter 
value of the transfer data counter 28 reaches the preset 

so number of transfer data, the timing signal generator 24 
raises the RAS signal to suspend the continuous 
access to the DRAM's 31 and 32 and switches the 
MUX'S 212 and 222 to output a row address in the same 
manner as that performed in response to the transfer 

55 start instruction from the CPU 30, so as to repeat the 
foregoing operation. 

As described above, according to this preferred 
embodiment, since the continuous access based on the 
page mode of the DRAM's 31 and 32 and the execution 
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The DMA controller according to claim 1, further 
comprising transfer direction control means for sub- 
jecting said first memory to a reading control and 
said second memory to a writing control, and 
switching means, based on an output signal from 5 
said transfer direction control means, for feeding 
said second address strobe signal from said timing 
signal generator to said first memory and for feed- 
ing said delayed second address strobe signal from 
said delay means to said second memory. w 

The DMA controller according to claim 1 or 2, each 
of said first and second control means includes 
latch means for holding a row address in address 
signals outputted from corresponding one of said is 
first and second address generators upon transition 
of said first address strobe signal to an active state 
at the time of starting the data transfer, and a com- 
parator for comparing an output of said latch means 
and a row address in the address signals outputted 20 
from the corresponding one of said first and second 
address generators and for outputting a result of 
the comparison as said control signal to said timing 
signal generator, 

wherein, while said comparison result shows 25 
agreement, said timing signal generator controls 
said second address strobe signal to change alter- 
nately between active and inactive states while 
holding said first address strobe signal to be active. 

30 

The DMA controller according to claim 1. 2, or 3, 
wherein said transfer data counter counts the 
number of transitions from active to inactive of said 
second address strobe signal while said first 
address strobe signal is held active and compares 35 
its counted value with said preset value. 

The DMA controller according to any of claims 1 to 

4. wherein each of said first and second memories 

is a dynamic random access memory which is 40 
operable in a page mode, and wherein said first 
address strobe signal is a row address strobe sig- 
nal and said second address strobe signal is a col- 
umn address strobe signal. 

45 

The DMA controller according to any of claims 1 to 

5. wherein at least one of said first and second 
memories is a dynamic random access memory 
which is operable in a static column mode, and 
wherein said first address strobe signal is a row so 
address strobe signal and said second address 
strobe signal is a chip select signal. 
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FIG. 5 
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